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COMPUBTE SPBaFICATION 



Flexible Ionizing Radiati<m Shielding Material 



X, Stbvb Sediak, a citizen of the United 
States of Ajnedca, of 115 Eaat 9th Street 
New Yorfc, N,Y, 100(B, United States of 
America, do hezieby dedoie die iziventkm, for 
wbidi I pray tiiat a patent may be granted 
to me^ and tlie method by ivhic± it is to be 
perfosmed, to be particularly described in and 
by the following statement: — 

This invention relates to flexible ladiadon 
stuelding materials comprising aii elastomeric 
matiiir material canTaming metal particles 
having ionizing radiaticHi-^bsorbing duiZHC- 
teristicsi 

Qtdinarilyv ionizing radiatian-absorbing 
dbsracteiistLcs are imparted to materials by 
f ofCctung diem of a matrix inooicporating metalr 
lie elements which have both higK density and 
atomic number, sndi as lead^ tmigscenj 
uranium and the lilce^ lead ibcLag the most 
commonly used metal for this piupose. In 
order to produce such composite materials 
which are sufSdently flesdble to f cam ardclea 
to be wom^ such as gloros^ the matrix usually 
consists of an d^toniiefic material (i.e.> 
material having rubbeziike properties} such as 
natuxial or synthetic rubber, or £exible 
polymers, such as polymethane and polyvinyl 
chloritte and the like. The metallic element 
is usually homogeneousLy dispersed througit- 
out the elastomeric matrix in powder fcim. 
Even though the elastomer may be a staHe 
compound, in many cases the addition of the 
metallic powder psroduoes delet^erious effects 
in the compoaite material due to the chemical 
interaction between the twt> oompoEnents. For 
e&ample^ lead powder added to natural or to 
some synthetic rubber lalices promotes vul- 
canizatioin pri<»r to core while in the liquid 
state. This occurs because the surface of each 
lead particie is Tzsually coveted with some lead 
oddeb or other lead components, obtaked as 
a result of oxidation or ch^cal reaction, and 
(these sui&ce fihns aa as an aocderator ag^ 

IPrice 4s, 6d.} 



to the rubber. As a resuk, the latex oompound 
containing a submntial inropordoa (tf lead 
cannot be used for contkinous pioductioa of 
fimble aitides because the compound 
quickly detedomtes and becomes useless. 

Heretofote^ varioofr msn^ have been 
made to overcome this proUem but nosie has 
been entirely succ^sfot One prc^osal has 
been to coat the pcBrdcles widi an mcrt sub- 
stence. However, it is extremely difficult to 
obtain conxpletely uniform films sutjtounding 
eacji particle and coating powder in bulk 
tends to produce a^lomecationj which 
iaily affects tbe hancQing characteristics of 
the powder. Another proposal has been to 
reduce the chemical reactivity between the 
elastomer and the metal by modifying the 
coniposxtion of the elastwner, as by decreasing 
the sotohur content of the rubber. Changes 
made in the elastomer to accommodate the 
metal causes the product to be less satis-* 
factoxy, and exchzdes die use ctf tried and 
tested eilastomer confounds, pardoilarly 
curing rubber latioes, A dmerent approach 
has been to use non-reacdve cheoucal com- 
pounds of the mBtalUc element, such as lead 
tkanale^ as the fiUer but tbb method suffacs 
from thit serious disadvantage of reducing tiie 
ioni^mg tadiarion-abaorption capability of the 
loaded elastcuneric msctsensl to as little as one- 
fifth of the shieldmg possible with pare lead 
powder. 

It is an object of the present invention to 
provide a new and inxptimd flexible ladia- 
tion-shidding material whfch overcomes the 
above-menrioncd <HfBculdes of the prior art 

To dns end aocording to this ixxv^uion^ a 
fl exible ionizmg radiaiioa shielding material 
comprises an elastomeric matrix material and 
filler particles distributed thitajghwit the 
matrix: material, the filler paitides comprising 
an alloy, whidi does not cause a de^mental 
reaction with the elastomeric material, <rf lon- 
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iaag ladJation-BbsoiWng owtal and at least 
one otber mecaL 

pii^iabfy l3x. alloy cratams lirom QJ% 
to 50% by weight of the odjer metal or 
metals. Indeed lie craitent of the o^ tnettl 
is preferably between 03% and 20% by 
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fiisii OTon emos«e to ak tamidics rapidly 
If the powder is used imtiffidfatdy and plao» 
in a suutiaa or miztace vUdi. w.fnsc of aD. 
chemicals liEt orald posoWy -am* ihe Jead 
sarfaoe, llicn no sni&n: J«ad eomprandB 
would be f oimeA Genenflfe tt is TOry diflacBlt 
to obtain commcnaal lead |ia«iider wat im 



^Ji-hr^ T^^^T^ illovine the icmiaaiig nana require thfft ceflrfir dicBmcate be 
STSrSt of at least <me other in^^ canipoimding and 

o Y^rUlS -Mdi does not For__^l^ & ^/^^J^ 
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detrimaital leacticm with the etotomenc 
H^terial, and adding tlue allw to the da«o- 
meric material in the fom of small pamdes. 

The medwd may inchide the step of dy- 
Mg a fwm defining a flexible ioniang «dia- 
uon-shielding artidc intn a supply of the 
claBtonKT to which the alloy has been addci 
Pure mrtals are modified bodi physically 
and chemically by addition of vamng 
amounts of other dements to fbnn alloys . ^ 
(The term alloy refers to a comhinaucn of cured artides, 
two or more dements which cxhiWt mctalhc volcanired m 
properties). The resulting properties <rf the 
Sloy^difer appreciably from those of the 
paimt ekmjaits. Even minute amounts of an 
alloying efcmml within a base metal may 
produce frfgn^^tir metallurgical dianges, and 
Sereby affect the physical and chemical 



rubbett as a Tukanizing agent and su^hur 
does conjtobc with lead during the coaa- 
pounding process to fOTi lead sulpMde^ whkh 
shows up as a blackening of ihe materiaL 

Many lead compotuids;, inrTnding lead 
monoxide and lead carbon^ act as acodei^ 
ators for variouB types of rubber latioes. Their 
presence in a robber latex in aaiy la^gc 
quantity produces incipient vukanianwi, in- 
creased viscosity, possfble gdarion and over- 
leriments made with pie- 

^.. ^^ ...^ ra^er_toex fiDed' with 

lead po wder, shoTOd lEat die lead wraipoattds 
derived'^om tne lead powder reacted to pro- 
duct incipient vuleamzarion of the latex, 
lesulting in weak and cradoed products. 

men the metallic p owder iffled in a ^g^^ 
ionizinff radiation-shielding material is tUloyed 95 
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made by a sohition psrocess where at an 
devaied ten^craturc tiJe dements dissolw m 
each otiicr to form a single f^se. Upon 
cooling, the alloy may have OEOe or more mter- 
spersed phases. „ _^ 

Smce lead, due to its low cost, excdlent 
radiation-absorbing charactmstics for X-rays 
and gamma rays, and ease of powder manu- 
facture, is used extensively, the discussion 
whidi follows is devoted to lead powd^ its 
reactivity and its use with elastomers. How- 
ever, any other ionizmg radiation-shidding 
metal which also causes problems by ite 
reactivity with daatomeis can be handled 

Metaluc lead is known to be a chemically 
re-activc substance. When lead is freshly pre- 
pared or when cut, the kad surface is bright 
£d ahhiy in abearance. Upon ej^>osure to 
air tiiis smface tarnishes and becomes dull 
gcey, due to the fonnation of a fihn of lead 
oxides and basic lead carbonate. Lead m 



tomeric material in whidi k ia to be mr 
corporated, for exan^le, where lead is the 
ionizing radiation-^ahsorteig material, it may 
be alloyed with for exanqile, tin, antinumy, 
bismuth, barham^ cadmium, cm: sfiver, sepat* 
atdy or in combinatiow, the allOTa no longer 
react with ^ dastomeric osaterM and, coeq- 
sequentiy, extend the pot life of dipping com- 
pounds to a time oommensuratE witfc that 
required for ccHiiinuou5 production processes. 

The amount of alh^fdng elements used rx^y 
vary from 05 to 50 per cent by wdght with 
the balance bemg lead. For best leaBhs, the 
the anhnmt of alloying elements should be 
betw«:en OJ m 20 per cent and pcEfierabfy 
less rhfl" ten per oent by^ we^^t. Whca this 



range is use^ the dihmoii of lead in its 
ladLtion-ahsorblng diaraciieristics - Is kqit 
low. The conteat by weight of the xadiatiw- 
absorbing allic^ in ib& flexible material, may 
be, for cxampfe, from 80 to 95 percoiL • 
ixides and basic lead caroonaic. i^eaa m Direa comparison of lc4d aUoys to tod 
omt^ with hard water becomes coated witii confounds shows ^that the aDoys arse far 
rS^of MSle lead sahs, depending oa siq^or as io^g , rfldiati<p<di3eh^ 
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the nature of the dissolved chemicals m. th& 
hard vrater. This fihn may COTtain basic lead 
carbonate, lead suWiate and lead phosphate. 
Lead in contaa wrdi distilled water or rain- 
water, winch contains dissolved oxygen, is 
attadced VJ form sohible lead hydroxide. Lead 
in ^"^q^ witii many other chemicals forms 
various lead compounds. 

As aheady stated, fre^ manufactured 
lead powder, thougji shiny in apearancc at 



materials. The reduction in ahidding; charac- 
teristics is low for alloys because the a lk^^ 
dements have good radiation; absoErptioa and 
the amount used is small, whereas fead com-, 
pounds have non-absorbhjg elements^, sudi as. 125 
oxygen, contained within themi and these are 
present in lar]ge proponians^ Actual measure- 
meits made with a 10 percent; tin/90 percent 
by wd^t lead alloy shows omy a sHg^ 
difference b comparison tt> 100 percent kad, 130 
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and, fGT all practical puxposesj can be coa- 
6id£Ted to be solid It^ i insaSax as ifadiation-' 
shielding ptopexties are conocmed 

It shotud he noted tkat> tbotxgh lead has 
been discussed in de^il, any ^Ssc ioniziiig 
radiflti<m-^elding metal may be fftnrfifji<f4 
dmilarly wbete zeactiv^ in an elaKtomeiv 
nuetal c<»m)osite» is -f oima 

The folWing ionMog ladiationraibsoibmg 
powders have proved satisfiactoiy in ^as&>- 
meiic con^Qsitiozis; the percentage bdng 
by WMght: — 

1. 5 per cent tin/95 per cent lead 

2. 10 per oei^ tin/90 per cent lead 

3. 5 per cent antimony/SS per cent lead 
Any one of these allc^ may be used in the 

two example of dastomec^metal composites 
described below. 

BSAMPLB A. 

Piartff by 
Weight 

Prevulcanized natural rubber latex 100 
10% KOH sobtion 1 
Surface active agent 4 
Lead aHoy powder 705 
The natural rubbar latex. No, BL— 5108, 
was obtained ima Betco LuUi&tries Qnpora* 
lion ctf Westbuiy> New Yotfc. The sorfeoe 
active a^nt, Darvan No, 7, was supplied by 
R. T. Vanderhilt Conq>any5 and is a 25 per 
cent sohition of a polymerised ekctrolydc 
material used for stabilizing die ccnnpoanl 
The lead alloy powdieES used were supplied 
by Welded Carbide Company of Oiftwi, New 
Jeisey. The X0% KOH sohition and later 
were JBist mixed together. Then tiie alloy 
powder was added and thoroughly stirred 
nndU a hnoxigeneoag dispersion was obtained. 
The compoand was left to stand for 24 hours 
until all the trapped ahr escaped; and then 
the surface active agent was aMsd. Ite ^}\ff [^ 
life of this mixture was i^Kntt six mondi& 

Regular pc»celain forms were d^ped into 
idiis compound to form g^ves. Gloves TnoA>> 
with this compound had an ionizing nadiadon 
absorbaooe equivalent to lead sheet ranging 
between 0.02 to 2.0 miUimcttes thidCi de>- 
pendin^ on the number of di^ This wide 
range m cl u des most present pracdcal ^>pHca- 
dona for ^ves and similar products. 

For many applicadoos, it is desirable to 
apply suxfece coats to the dipped anides. 
CSoafing the radiation baiiier material has 
several atlvantagesL It increase the tensile 
stcengdi and tear strength and thereby .pm- 
Icaags the servfoe Hfe of the product Oblour 
and texture of smf aces can be controlled 
Surface coats are made by dqiping the forms 
in tmfilled fatex stock at both tiie beginniog 
and completion of the d^jpiog operations. 
Tliese sn moe ooats nc^ n or (be of the same 
latCK c/rtipber as that nsed in the filled com- 
poondrSometimcs increased chemical resist- 
ance---^ otter spedfic chareosrisdcs aie 



de^red for ihsst sudace coats dp ^A^n^ ^5 
the end use of t^ ionizuig radiattosi-shi^aig 
product Service requirement for gannttets 
nsed in hot bosc applkatiaas differ from diose 
gloves in radiolpgioal and fiuorosw^c applic- 
ations. 70 

In many cases, the ioside of the glove may 
be covered with flock to permit ease of inr 
serdon and withdrawal of hands and to give 
the wearer a more comfortafafe feel. In other 
cases, a thin cottim glove insert or one "i ^^*" 75 
of synthetic £bres is used. 

Hie latex compound way be nsed also for 
making sheet material by qaeading it on a 
flat stock or on a fabric Tlie more desirable 
type fabric is of an ekstic-stretxi type. Outer 80 
ooating9 may flje i^lied to one or both sides 
of die flat lonizhig radiation bar^ matt^] 

Example B 

by 

Polyvinyl chloride cEEperaion ream 1^ 
Di (2-Ediy&exyI) Ph&alate 200 
Ooiganotin staHhzer i 
Lead alloy powder 

The above are mechanically sdned to- 
gether to foaan a homogenous mixture. The 
composition may be used witii other plastid- 
zets and stabSlizers dian those given. She^ 
are cast on flat stock and ami in. the con- 
venttonal maniJer. Agahi skins of nnfilled vhiyi 
ace used where added sttengdi, colour or 
texture are reqmrcd Fabric may be f**^*^ to 
one or bodi sides for added durability and 
appearance. The fabric found to be most 
effiecdve is the e3astio-«tietdi typt 

The above fonmikdons may be used to 
make articles of wear, sudi as gjoves, gannt- 
lets, aprons, caps and the libe^ and have 
excellent abiddiog characieristics for X-iays 
and low-energy gamma raysi Considerable 
added flexihiEty and softness may be imr 
parted to iliese articles by enmli^Lng the 
niediod descr&ed in my spe^»tion No 
1,072^. By this metho«£ lower elastEc 
moduhos, higber dongation, increased Am- 
bilEty and softness la hnparted to the oon> 
positj? dastomex-metal trwryrTgi ^jja^ jg 
^^inarily possible by conventional methods. 
The mc^od en^Icrod is essentially to have 
cachpartidelHyiiedinaceUintheeilastome^ 115 
nuatenal, eadi cell bemg larger than its 
enclosed particle, 

WHAT I CLAIM IS: — 

1. A flexible icmizing radiatzon-fihieldkg 
material conmrising an *>Tii5rtnmprB> jj^^ 
matST^ and filler partEcles distributed 
througjiout the matrix mate^, the flHet 
particles con^msing an aHoy, whfcii does not 
cause a detriinental reaction witii the dasco- 
in^ maierifll, of an ionia^ radiarioair 
absorbmg m«ai and at least one other fl»tal 

2. A material acooiKQng to i ^ 
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whidi the alloy contains bam 0,5% to 50% 
by weight of tbe other metal <ff jnctals. 

3. A material according to claim 2, m 
whkli the alloy cootainB from 0.5% to 20% 

5 by we^it of the other metal or metals. 

4. A> material accordmg to any one <tf 
daims 1 to 3, TPfaerem the ionizing radiaiioa- 
flbsorbing material is lead. 

5. A p^^^fli acoffding to claim 4, ishete- 
10 in the other metal is tin. , , ^ ^ . 

6. A material according to clami 4) wlietem 
the other metal is antimony, 

7. A material according to any one of the 
preceding dsJm^ wheiem the elastomeric 

15 matrix mat^al is rubber. 

S. A mediod for making flexible radiation- 
shielding material according to claim 3, com- 
t>rising alloying the ionizing radiation- 
ftbaorbing metal with from 0J% to 20% by 
20 weight of at least one otiier metal to form 
an alloy whidi does not cause a detrimental 
reaction with the elastomeric m fltffria l , and 
p^^ing the alloy to the dastomeric material 
in the fonni of small particles. 
25 9. A method according to claim 8, includ- 
ing die step of dipping a fogg definmg a 



flexible ioni^ 



radiacioiirsfaielding article 
the elastomer t0 (he 



into a siqyply 
alby has been added. 

10. A medtod aocordiag to daim 8 or damt 30 
% wherein the iooi^ig ladiatbn-fibsorbbg. 
mfffti is lead and the dastomexic material is - 
a rubber ktex. 

11. A mediod according to daim 9, where- 
in the lead is alloyed wim from 5% to 10% 35 

^lll^^mcdjod according to daim 3 where- 
in the lead is alloyed with frm 5% to 10% 
by weight of antimony, 

13. A material according to daim 1, snb- ^ 
stantially as described i a erei n with= reference 

to Example A or Exantple B. 

14. A mediod according to Claim S, sub- 
stantially as described herein with leference 

to Exanq^le A or Bxan^le B. 50 

For the Applicanr* 
GILLj JENNINGS & EVERY, 
Chartered Bitent Agsnts, 
51/5^ C5ianoeiy Lane^ 
Jjondon, W.C2. 
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